In pesticide applications, small droplets are desired for better coverage and uniform distribution. Yet, small droplets have a problem: Drift, the movement of droplets off-target. Low drift nozzle produces fewer drift-prone droplets, < 100 μm, compared to standard hydraulic nozzles. In pesticide applications, standard hydraulic nozzles, hollow cone and flat fan nozzles are generally used by farmers. These nozzles have broad droplet spectrum and high proportion drift-prone droplets. Sample of drifted droplets and measurements in field conditions are expensive and can be time-consuming. However, models can be applied to predict drift without field measurement. In this study, model and field measurement of percentage pesticide drift were compared using different hydraulic nozzles, D4-45, F 11006 and low drift 11003 by gas chromatography equipped with a nitrogen-phosphorus detector. In the result of this study, for all nozzles, values up to 2 m and 3 m showed that there were statistically different according to German model and Dutch model, respectively. In the result of this study, percentage drift at 5 m compared to 1 m distance decreased approximately 15 folds in low drift 11003, 12 in F 11006 and 10 folds in hollow cone D4-45 nozzles in actual application and 5 folds in German and 9 folds in Dutch models.
INTRODUCTION
Pesticides were extensively used in farmland after the discovery of DDT (dichlorodiphenyltrichloroethane) in 1939. About 3 billion kg of pesticides is applied each year with a purchase price of nearly $40 billion/y, worldwide (Pimentel, 2005) . Despite the widespread application of pesticides at recommended dosages, approximately 35 % of potential crop production is lost to pests (Pimentel, 1992; 2005) . An additional 15-20 % is lost to pests that attack the food between harvest and use (Downer and Hall, 1998; Pimental, 1992) . Pesticides cause serious environmental and public health problems (Pimental, 1992) . According to Council Directive 91/414/EC, pesticide damage should be assessed by considering 10 modules: Operator, worker, bystander, aquatic organisms, birds, earthworms, bees, beneficial arthropods, persistence in soil and leaching to groundwater (De Schampheleire et al., 2007) .
In pesticide applications, small droplets are desired for better coverage and uniform distribution. Therefore, small droplets are generally more effective than large droplets. Yet, small droplets have a problem: Drift, i. e. the movement of droplets off-target. The movement of droplets outside the intended area by air mass transport of diffusion is defined as drift by ASAE S327.3 (2007) . Although, small droplets, < 100 μm, can move downwind, they can however easily be transported within a crop canopy by air turbulence and be deposited on leaves (Matthews, 2000) . Even when a coarse spray, > 300 μm, is applied with most standard hydraulic nozzles, there will be a proportion of the spray volume emitted as small droplets which can drift (Matthews, 2000) . Some researchers (Duvnjak and Miller, 1998; Holterman et al., 1997; Jones et al., 2002; Matthews, 2004; Murphy et al., 2000; Wenneker et al., 2005) found that coarse droplets produce less drift than fine droplets in low drift (LD) nozzles. According to EPPO (2003) , the amount of drifting pesticide deposits as fall-out in the short range or transported through the air to greater distances from the treated area are determined by prevailing weather conditions. The seized by the drift are either deposited close to the treated area on soil or plants or transported in the atmosphere over longer distances, depending on their size (Epple et al., 2002) and meteorological conditions. Gil and Sinfort (2005) indicated that drifting spray is a complex problem in which equipment design and application parameters spray physical properties and formulation and meteorological conditions interact and influence pesticide loss. Zhong et al. (2003) conducted a study to evaluate the impact of naled on honey bees as a result of their exposure to aerial ultralow volume (ULV) applications of this insecticide during three routine mosquito spray missions. They indicated that insecticide deposit around the hives could be influenced by environmental factors, such as wind speed and site topography. Matthews and Hamey (2003) indicated that pesticide deposition at 1 m compared to 5 m downwind increased 7 fold at low wind speeds (about 1.5 m/s), but there was less than a two-fold increase at the highest wind speed (5.1 m/s). In high wind velocity, drifted droplets are transported further away. Kawahara et al. (2005) indicated that 30 m is the distance that finer particles ( < 100 m) are expected to drift under 1 m/s wind. Snoo and Witt (1998) indicated that drift deposition increases with wind speed. They found that, in the sprayed situation and with a wind speed of 0.5 m/s, there was a maximum of 6.0 % drift deposition halfway down the ditch bank and no drift deposition in the ditch. At 3 m/s wind speed these values are 25.1 and 2.2 %, respectively. At 5.0 m/s wind speed, 7.2 % drift deposition was measured in the ditch. Farooq et al. (2001) found that near the nozzle, smaller droplets travel slower than coarse droplets. However, away from the nozzle, the smaller droplets have negative vertical velocities indicating that the droplets are traveling upwards. Moreover, they found that in the region below 75 mm from the nozzle exit, small droplets with low vertical velocity are separated from the coarse droplets with high vertical velocity. Therefore, it is difficult to sample of fine droplets on horizontal sampling surfaces in 5 m. Horizontal sampling surfaces are suitable for sampling of coarse droplets according to ASAE S561.1 (2004) . In typical applications with boom type sprayers, droplets of 100 m or less often drift out of the target and droplets of 50 m or less diameters completely evaporate before reaching the target (Ozkan et al., 1997) . Moreover, in spraying, droplet size decreases due to evaporation as air temperature increases and relative humidity decreases (Ravier et al., 2005; Smith and Thomson, 2003) . Field measurements of spray drift are also expensive and timeconsuming to conduct accurately (Miller, 1993) . To compensate for such disadvantages, computer and mathematical models are developed and used by some researchers (Gil and Sinfort, 2005; Goering et al., 1972; Holterman et al., 1997; Smith et al., 2000; Thompson and Ley, 1983; Uçar, 2000) . Such models have been developed to predict spray droplet trajectories both close to nozzles on a boom sprayer and in the drifting spray plume further downwind of the application site (Murphy et al., 2000) . The advantages of verified field drift models are that drift deposit predictions for a variety of application conditions can be compared and estimations can quickly be obtained (Smith et al., 2000) .
The aim of this study was to compare the percentage pesticide drift of the two existing mathematical models (German and Dutch) with field measurements obtained from spray applications using different hydraulic nozzle types.
MATERIALS AND METHODS

Pesticide, nozzles and field experiments
Malathion is an organophosphate was used as pesticide in the trials. Typical application rates for agricultural crops are 0.50-1.25 kg a.i./ha (The Pesticide Manual, 2003) . In this study, 0.57 kg a.i./ ha of malathion was applied. Pesticide depositions were analyzed using gas chromatography equipped with a nitrogen-phosphorus detector (GC-NPD).
Three different types of hydraulic nozzles were used: 1) Hollow cone nozzles (HC D4-45, Taral TM ), generally used by farmers in Adana-Turkey in all pesticide applications; 2) Low drift flat fan nozzle (LD 11003, Hardi™ ) and 3) flat fan nozzles (F 11006, Arag™) ( Table  1) . The trials were carried out in Adana, Turkey. The trials were done on May 04, 2007.
The application rate of trials was 200 l/ha. Only one field sprayer was used. The forward speed of the tractor on which the sprayer was mounted was 6.5 km/h and the power-take-off (PTO) rotational speed was 540 rev/min. Pesticide was sprayed 50 cm above the grassland in all trials, each of which was replicated three times.
Meteorological conditions
During the trials, the temperature, the relative humidity and the wind velocity were measured and recorded. Digital hotwire anemometer CE (Lutron™ AM-4204 HA) and digital humidity/type k thermometer CE (Lutron™ HT-3006 HA) were used for measuring meteorological conditions. Details of meteorological conditions are given in Table 2 .
Analysis equipment
All chromatographic analysis were performed on a Agilent Company™ (6890 N) gas chromatograph with an autosampler automatic injector, equipped with
